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Research  on  alternative  fuel  for  the  vehemently  growing  number  of  automotivesis  intensified  due  to 
environmental  reasons  rather  than  turmoil  in  energy  price  and  supply.  From  the  policy  and  steps  to 
emphasis  the  use  of  biofuel  by  governments  all  around  the  world,  this  can  be  comprehended  that  biofuel 
have  placed  itself  as  a  number  one  substitute  for  fossil  fuels.  These  phenomena  made  Southeast  Asia  a 
prominent  exporter  of  biodiesel.  But  thrust  in  biodiesel  production  from  oilseeds  of  palm  and  Jatropha 
curcas  in  Malaysia,  Indonesia  and  Thailand  is  seriously  threatening  environmental  harmony.  This  paper 
focuses  on  this  critical  issue  of  biodiesels  environmental  impacts,  policy,  standardization  of  this  region  as 
well  as  on  the  emission  of  biodiesel  in  automotive  uses.  To  draw  a  bottom  line  on  feasibilities  of  different 
feedstock  of  biodiesel,  a  critical  analysis  on  oilseed  yield  rate,  land  use,  engine  emissions  and  oxidation 
stability  is  reviewed.  Palm  oil  based  biodiesel  is  clearly  ahead  in  all  these  aspects  of  feasibility,  except  in 
the  case  of  NO*  where  it  lags  from  conventional  petro  diesel. 
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1.  Introduction 
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Demand  of  transport  fuel  is  growing  rapidly  all  over  the  world. 
Among  all  automotives,  diesel  run  vehicles  are  becoming  more 
popular  day  by  day  because  of  its  superiority  in  fuel  efficiency  [1  ] 
and  low  emission  of  C02,  CO,  HC  [2].  The  diesel  engine  is  invented 
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by  Dr.  Rudolph  Diesel  and  run  by  peanut  oil  at  the  Paris  Exposition 
of  1900.  So  it  has  been  established  from  then  that,  high 
temperature  of  diesel  engine  is  able  to  run  on  variety  of  vegetable 
oils  [3].  Today  diesel-powered  vehicles  represent  about  one-third 
of  the  vehicles  sold  in  Europe  and  in  the  United  States  it  is 
predicted  that  diesel  run  automotives  will  rise  from  4%  (2004)  to 
11%  by  2012.  Being  alternative  for  petro  diesel  in  transportation 
sector,  biodiesel  leads  to  the  easiest  and  most  crucial  solution  for 
environmental  problems  as  it  does  not  require  any  engine 
modifications  and  reduces  greenhouse  gas  (GHG)  emission 
substantially  as  well  as  improves  lubricity.  This  makes  it  more 
adaptable  to  current  energy  scenario  to  ensure  energy  security, 
environmental  sustainability,  and  boost  rural  development  by 
shifting  of  power  from  petro  to  agro-industry,  simultaneously. 

By  using  raw  vegetable  oils  as  fuel  many  engine  problem 
evolved  like  coking  of  injectors  on  piston  and  head  of  engine, 
carbon  deposits  on  piston  and  head  of  engine,  excessive  engine 
wear  [4-6].  To  compensate  this  problem,  most  researchers  [5,7,8] 
have  recommended  using  transesterification  of  vegetable  oils  to 
reduce  viscosity.  This  transesterified  vegetable  oil  is  termed  as 
biodiesel.  Transesterification  is  an  esterification  process  of  long 
chained  triglycerides  of  vegetable  oils  into  fatty  acid  methyl  esters 
(FAME)  which  is  coined  as  biodiesel.  So  far,  many  vegetable  oils 
have  been  used  to  produce  biodiesel  viz.  of  peanut,  rapeseed, 
safflower,  sunflower,  soya  bean,  palm,  coconut,  corn,  cottonseed, 
linseed.  Also  some  non-edible  oils  like  Mahua,  Neem,  Karanja  and 
Jatorpha  came  into  lime  light  after  the  fuss  of  food  vs.  fuel  debate 
worldwide.  But  this  debate  lost  its  ground  as  most  of  the 
government  policies  permits  only  5-20%  biodiesel  blend  (B5- 
B20)  with  petro  diesel.  Biodiesel  have  proved  its  technical 
soundness  in  low  percentage  blending  by  the  field  trials  and 
experiments  carried  out  by  researchers  in  last  decade. 

Malaysia  and  Indonesia  are  respectively  largest  and  second 
largest  producers  of  palm  oil  in  the  world,  jointly  they  produces 
85%  of  world’s  palm  oil.  In  Southeast  Asia  (SE  Asia)  biodiesel 
production  is  drastically  rising  due  to  its  high  potentiality  and  yield 
factor  of  palm.  Tropical  climate  and  cheap  man  power  of  this  region 
is  another  beneficial  point  for  growing  of  this  plant  [9].  Malaysia’s 
biodiesel  production  is  majorly  palm  oil  based  though  it  has  taken 
some  initiative  to  introduce  Jatropha  production  in  mass  level. 
Palm  oil  is  derived  from  the  flesh  of  the  fruit  of  the  oil  palm  tree 
Elais  guineensis.  Palm  tree  is  originated  in  West  Africa  (more 
specifically  Guinea  Coast)  [10]  and  initiated  in  Malaysia  in  1 870s  as 
ornamental  plant  and  in  Thailand  before  World  War  II.  In  both 
these  countries,  first  commercial  plantation  started  in  1960s  [11]. 
Indonesia  also  uses  sugarcane  and  cassava  for  bioethanol 
production.  Thailand  uses  molasses,  cassava  and  sugarcane  for 
bioethanol  production.  Palm  is  an  established  biodiesel  feedstock 
in  Indonesia  and  Jatropha  is  also  getting  importance  for  a  yield 
factor  of  1.2  tons/ha  [12].  As  this  review  article  is  focused  on 
biodiesel,  it  will  discuss  about  major  biodiesel  feedstock  of  this 
region  only,  i.e.  palm  oil  (E.  guineensis )  and  Jatropha  curcas  (J. 
curcas )  is  a  large  shrub  or  tree  commonly  found  throughout  most  of 
the  tropical  and  sub-tropical  regions  of  the  world  J.  curcas  plant  is  a 
drought-resistant,  perennial  plant  living  up  to  50  years  and  has  the 
capability  to  grow  on  marginal  soils.  It  requires  very  little  irrigation 
and  grows  in  all  types  of  soils.  The  production  of  Jatropha  seeds  is 
about  0.8  kg/m2  per  year  [13].  It  is  only  non-edible  biodiesel 
feedstock  of  Southeast  Asia.  Jatropha  is  a  potential  second 
generation  biodiesel  feedstock,  though  it  still  requires  vigorous 
research  and  development  for  commercialization. 

Unfortunately  only  Malaysia,  Indonesia  and  Thailand  are 
harvesting  benefits  of  producing  biodiesel.  Other  countries  of  SE 
Asia  are  far  behind  in  this  sector  because  of  lack  in  infrastructure  of 
biodiesel  production  and  government  support  for  growing 
biodiesel  producing  oilseed  crops.  A  large  number  of  selective 


literatures  are  reviewed  in  order  to  critically  compare  the 
feasibilities  of  this  feedstock  with  other  popular  biodiesel  feed¬ 
stock  like  rapeseed,  soy,  cottonseed  in  different  parameters  like 
land  use,  fertilizer  use,  oxidation  stability,  engines  chemical 
emission,  oxidation  stability.  On  selecting  references,  only  highly 
rated  journals  with  scientific  references,  Society  of  Automotive 
Engineer  (SAE)  technical  notes  are  taken  and  some  information’s 
are  gathered  from  reports  from  renowned  organizations  like  Food 
and  Agriculture  Organization  of  the  United  Nations  (FAO), 
International  Energy  Agency  (IEA),  European  Biodiesel  Board 
(EBB),  European  Committee  for  Standardization  (CEN),  National 
Institute  of  Standards  and  Technology  (NIST)  and  Malaysian  Palm 
Oil  Board  (MPOB),  Malaysian  Palm  Oil  Council  (MPOC).  The 
experimental  results  as  well  as  reasoning  behind  these  results  are 
analyzed  to  find  the  jest.  In  most  cases  a  clear  cut  comparison  of 
results  are  not  possible,  as  engines  were  different  (single  cylinder, 
multiple  cylinder,  different  brands)  also  their  operating  conditions 
(speed,  load,  throttle  position).  The  variation  of  oil  specifications  of 
same  feedstock  is  another  important  fact  for  this  variance  in  result. 

Palm  oil  turns  out  as  most  prospective  biodiesel  feedstock. 
Because  palm  oil  has  a  high  yield  factor,  low  fertilizer,  water  and 
pesticide  consumption  and  palm  oil  methyl  ester  (POME)  has  low 
engine  emissions,  high  oxidation  stability  apart  from  NO* 
emissions  which  is  higher.  Jatropha  is  also  promising  as  second 
generation  biodiesel  feedstock.  But  it  requires  more  research  to 
develop  its  properties  to  a  satisfactory  level  for  mass  commercial 
usage. 

2.  Environmental  impacts  of  biodiesel 

A  full  life  cycle  assessment  of  biodiesel  considering  all  the 
factors  from  production,  processing,  distribution,  engine  emission 
to  calculate  total  well  to  wheel  GHG  effects,  can  judge  biofuels 
effects  on  climate,  whether  it  is  a  boon  or  bane?  A  flow  diagram  of 
life  cycle  analysis  of  conventional  diesel  and  biodiesel  is  given  in 
Fig.  1  to  show  the  factors  of  GHG  emissions  in  different  stages  of 
production,  processing,  transport  and  use. 

Unfortunately,  most  of  the  papers  put  some  percentage  of  GHG 
savings  without  mentioning  what  are  the  factors  they  have 
considered  other  than  a  clear  comparison  of  petro  diesel  vs. 
biodiesel  engine  emission  only.  Grossly,  40-80%  reduction  of 
engine  emissions  is  reported  by  most  papers  using  biofuels,  but 
very  few  discussed  their  basis  of  assessments.  An  attempt  of 
measuring  GHG  emission  has  found  50%  reduction  while  using 
palm  oil  in  electricity  production  in  comparison  to  coal  based 
electricity  production  [14]. 

Following  analogy  published  in  IEA  2006  and  FAO  2008  shown 
in  Fig.  2  shows  GHG  savings  is  higher  in  palm  based  biodiesel  in 
comparison  to  any  other  biodiesel  feedstock  excluding  the  effects 
of  land  use  change. 

Diesel  engines  are  verdict  of  polluting  environment  by  emitting 
C02,  NO*  (nitric  oxide,  NO,  and  small  amount  of  nitrogen  dioxide, 
N02-  collectively  known  as  NO*),  particulate  emissions,  S02, 
unburnt  hydrocarbons(HC)  in  significant  level  depending  on 
engine  load,  speed  and  other  operating  parameters.  Biodiesels 
are  mostly  plant  based  and  in  SE  Asia  it  is  palm  oil  based.  Engine 
emission  blue  print  is  not  as  significant  in  environment  of 
Southeast  Asia  as  most  of  produced  biodiesel  is  exported  to  EU 
and  USA.  Research  and  development  in  this  region  is  focused 
mainly  on  emission  performance  of  produced  biodiesel  for 
tightened  emission  standards  for  transport  fuels  worldwide. 

2.2.  By-products  of  transesterification 

Transesterification  or  alcoholysis  is  the  usual  conversion 
process  used  to  convert  triglycerides  of  vegetable  oil  to  fatty  acid 
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Fig.  1.  Life  cycle  analysis  of  greenhouse  gas  balances  of  biodiesel  and  petro  diesel. 
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Fig.  2.  Reduction  of  GHG  emission  of  selected  biofuels  relative  to  fossil  fuels  [15]. 

methyl  esters  (FAME)  by  displacing  alcohol  from  an  ester  by 
another  alcohol  [16].  For  each  triglyceride  three  monohydric 
alcohols  reacts  to  produce  (m)ethyl  ester  and  glycerin  (Fig.  3). 

An  access  alcohol  is  used  to  move  this  reaction  towards 
production  side  and  catalysts  are  used  to  increase  the  reaction 
rate  and  yield  of  esters.  Among  alkali,  acid  and  enzyme  based 
catalysts,  alkali  based  catalysts  are  more  effective  [5,17]  and 


most  widely  used  in  industrial  processes  for  its  less  corrosive¬ 
ness  to  industrial  equipments  [18].  Fernando  et  al.  (2007) 
suggested  that  total  FAME  content  is  more  appropriate  para¬ 
meter  for  measuring  the  completeness  of  transesterification 
reaction  rather  than  free  glycerin  contents  of  it  [19].  In  a 
stoichiometric  material  balance  yield  equation,  103  kg  glycerol 
is  produced  from  every  1  ton  vegetable  oil/fat  [20].  This  large 
amount  of  glycerol  (also  known  as  glycerin)  produced  as  by¬ 
products  of  biodiesel  can  have  adverse  effect  on  environment  if 
disposed  on  soil  or  water.  This  glycerin  can  be  extracted  for  use 
in  industrial  purposes  like  pharmaceuticals,  cosmetics,  tobacco 
moisturizers,  antifreeze,  hydraulic  fluids,  propylene  glycol. 
Effluents  of  palm  oil  mill  are  major  source  of  water  pollution. 
Wastewater  generated  from  palm  oil  mill  is  namely  sterilizer 
condensate,  hydrocyclone  waste,  and  separator  sludge  [21].  Oil 
palm  mills  generally  generate  numbers  of  biomass  wastes.  The 
amount  of  biomass  produced  by  an  oil  palm  tree,  inclusive  of  the 
oil  and  lignocellulosic  materials  is  on  the  average  of  231.5  kg  dry 
weight/year  [22].  In  most  cases  this  huge  amount  of  solid  waste 
is  burned  in  boiler  and  other  heating  purposes  producing  lots  of 
smoke  and  polluting  air. 
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Fig.  3.  Stoichiometric  transesterification  reaction. 
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Oil  producing  crops  [26]. 
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Plant 

Yield  (seed)  (lbs/acre) 

Biodiesel  (gal/acre) 

Plant 

Yield  (seed)  (lbs/acre) 

Biodiesel  (gal/acre) 

Corn 

7800 

18 

Safflower 

1500 

83 

Oats 

3600 

23 

Rice 

6600 

88 

Cotton 

1000 

35 

Sunflower 

1200 

100 

Soybean 

2000 

48 

Peanut 

2800 

113 

Mustard 

1400 

61 

Rapeseed 

2000 

127 

Camelina 

1500 

62 

Coconut3 

3600 

287 

Crambe 

1000 

65 

Palm  Oil3 

6251 

635 

a  Yield  given  in  lbs  of  oil/acre. 
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Fig.  4.  Production  of  palm  oil  in  Southeast  Asia  [27]. 


2.2.  Plantation  of  oilseed  crops 

Biodiesel  have  a  strong  environmental  effect  in  SE  Asia  caused 
mainly  by  the  change  in  land  use  for  cultivating  vegetable  oil  plants 
(Palm  J.  curcas).  Increases  in  the  size  of  plantations  of  palm  tree  can 
lead  to  the  loss  of  rain  forests,  especially  in  SE  Asia  [23]. 
Government  policies  to  promote  biodiesel  productions  have 
boosted  the  supply  side  so  far,  rather  than  research  and 
development  as  expected.  Increased  demand  for  palm  oil  has 
lured  businessmen  in  acquiring  paetlands  of  SE  Asia  by  drastic 
logging  and  firing  for  palm  oil  plantation.  Clearance  of  land  for  oil 
palm  cultivation  is  one  of  the  drivers  for  deforestation.  Worlds  71% 
C02  emission  occurs  from  oxidation  in  drained  peatlands  occurring 
in  SE  Asia  which  makes  Indonesia  in  3rd  position  in  global  C02 
emission  ranking  [24].  Soil  quality  of  this  rainforest  can  be 
damaged  irreversibly  by  death  of  microorganisms  in  sunlight, 
washing  the  soil  minerals  in  heavy  rainfall  and  flood.  Depletion  of 
rainforest  as  well  as  ensuing  depletion  of  soil  is  major  environ¬ 
mental  concern  of  Indonesia  [25]. 

Palm  is  among  the  highest  yielding  oilseed  crop  that  can  be 
easily  comprehended  from  Table  1  [26]  and  growth  of  palm  oil 
production  is  shown  in  Fig.  4  [27]. 

2.3.  N-drainage  from  rainforest 

For  full  life  cycle  emission  analysis  of  GHG’s,  N20  emission  is 
needed  to  be  considered  with  importance.  N20  is  a  by-product  of 
fixed  nitrogen  application  in  plants  as  fertilizer  and  have  296  times 
global  warming  potential  than  an  equal  mass  of  C02  [28].  As  a 
source  for  nitrogen,  NOx  also  plays  a  major  role  in  strato-spheric 
ozone  chemistry  as  well  as  global  warming  [29,30].  Criitzen  et  al. 
[31]  made  an  attempt  to  compare  C02  saved  by  biofuel  vs.  N20 
released  and  came  to  a  conclusion  that  agro-biofuels  may  cause 
more  global  warming  by  replacing  fossil  fuels.  As  a  matter  of  fact, 
this  threat  is  associated  with  excessive  use  of  N-enriched  fertilizers 
which  is  used  all  our  crops  and  biofuel  is  produced  from  only  1%  of 
world  arable  land.  Because  palm  oil  requires  comparatively  less  N- 
fertilizers  than  other  oilseed  crops  like  rapeseed,  maize.  Moreover 


palm  trees  easily  grow  on  poor  soils,  but  without  the  need  for 
extensive  use  of  fertilizers  and  pesticides  [23].  In  comparison  of  rN 
values  shown  in  Table  2,  this  can  be  stated  that  palm  is  a  minor 
contributor  of  N  than  rapeseed,  maize  and  sugarcane.  Wahid  et  al. 
[32]  measured  the  rN  of  palm  6.4  gN/kg  dry  matter  which  is  lowest. 


3.  Engine  emission 

Engine  temperature,  load  and  speed  affect  emissions.  Also 
ignition  timing,  fuel  contents  and  fuel  viscosity.  Apart  from  using 
additives  or  customizing  fuel  properties  by  preheating  or 
oxidizing,  many  aftertreatment  devices  like,  particulate  matter 
filter,  exhaust  gas  recirculation  (EGR)  are  used.  This  section  is  a 
brief  review  about  the  most  prominent  engine  emissions  when 
fueled  with  biodiesels. 

3.1.  Carbon  dioxide  (C02) 

Many  authors  have  claimed  reduction  of  C02  emission  whereas 
some  authors  reported  excessive  emission  in  SE  Asia’s  from  palm 
oil  based  diesel.  Reijnders  made  some  assumption  based  calcula¬ 
tion  and  found  emission  of  about  2.8-1 9.7  kg  C02  equivalent  per  kg 
of  palm  oil  [33].  But  this  calculation  is  strongly  criticized  [34]  for 
not  taking  account  of  palm  oil  residues  as  biomass  fuel  extensively 
used  in  SE  Asian  palm  oil  mills  [35-38].  Whereas  non-edible 
Jatropha  oil  shows  higher  C02  as  engine  emission  [39].  The  C02 
released  into  atmosphere  by  burning  biodiesel  is  recycled  by  plants 
to  grow  oilseeds  from  which  we  get  biodiesel  by  transesterifica¬ 
tion.  So  a  significant  reduction  of  C02  is  expected  and  78%  net 
reduction  of  C02  is  reported  in  1998  biodiesel  life  cycle  study 
conducted  by  US  department  of  energy  and  US  department  of 
agriculture.  Some  other  authors  found  insignificant  change  in  C02 
emission  [40]. 

3.2.  Nitrogen  oxides  (NOx) 

NOx  and  particulate  matter  emission  is  most  crucial  for 
biodiesel.  NOx  formation  occurs  in  premixed  combustion  phase, 
whereas  PM  formation  is  influenced  by  the  diffusion  combustion 
phase.  So  an  interactive  trade-off  in  between  PM  and  NOx  exists  in 
diesel  engine.  Most  of  the  authors  have  reported  a  rise  in  NOx 
emission  while  operating  diesel  engines  fueled  by  biodiesel.  On  the 
other  hand,  some  claimed  decrease  of  NOx  emission.  Reviews  have 


Table  2 


Relative  warming  derived  from  N20  production  against  cooling  by  “saved  fossil 
C02”  by  crops  as  a  function  of  the  actual  nitrogen  content  rN  (actual)  [31]. 


Crop 

rN  (gN/kg  dry  matter) 

Relative  warming 
(Meq/M)  (N-efficiency  e  =  0.4) 

Type  of  fuel 
produced 

Rapeseed 

39 

1.7 

Bio-diesel 

Maize 

15 

0.9-1. 5 

Bio-ethanol 

Sugarcane 

7.3 

0. 5-0.9 

Bio-ethanol 
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Table  3 

Research  findings  related  to  N0X  emission  from  biodiesel  combustion. 


NOx  emission 

Palm  oil 

Jatropha  oil 

Other  biodiesel  feedstock 

NOx  increase 

Kalam  and  Masjuki  [60];  (Preheated  crude  palm), 
Kalam  and  Masjuki  [61];  (B20  with  additive); 

Bari  et  al.  [62] 

Agarwal  and  Agarwal  [39];  Pradeep  and 

Sharma  [54];  Senthil  Kumar  et  al.  [63] 

Graboski  and  McCormick  [20]; 
Murillo  et  al.  [50];  (Cooking  Oil), 

Jha  et  al.  [64];  (Soyabean),  Canakci 
and  Sanli  [65];  (Soyabean) 

NOx  reduction 

Kalam  and  Masjuki  [60];  (Preheated  crude  palm 
with  water  emulsion);  Kalam  and  Masjuki  [66]; 

(B15  with  corrosion  inhibitor  additive); 

Lin  et  al.  [671;  Lin  et  al.  [681 

Banapurmath  et  al.  [13];  Senthil  Kumar 
et  al.  [53];  Narayana  Reddy  and  Ramesh  [55] 

Kalligeros  et  al.  [69]  (sunflower  and 
olive  oil),  Altin  et  al.  [70] 

(various  vegetable  oils) 

Table  4 

Suggested  techniques  to  reduce  NOx. 


Researchers 

Suggestion  to  Reduce  NOx 

Almeida  [40]; 

Increase  injection  fuel  pressure 

Narayana  Reddy  and  Ramesh  [55] 
Monyem  and  H.  Van  Gerpen  [47] 

Retard  the  injection  timing 

Johnson  et  al.  [56]; 

Use  EGR  after  treatment 

Summers  et  al.  [57]; 

Uyehara  [58] 

Pradeep  and  Sharma  [54] 

Hot  EGR  for  Jatropha  feedstock 

Keskin  et  al.  [59] 

Use  of  Mn  and  Ni  based  additives  can 

Szybist  et  al.  [51  ] 

bring  down  NO  emission  to  24.6% 
in  tall  oil 

Use  cetane  number  improver  additives 

tried  to  investigate  reasons  of  NOx  emission  in  diesel  engines  and 
ended  up  in  paradoxical  remarks. 

NO  is  produced  more  in  post-flame  gases  than  in  flame-front. 
Mixture  which  burns  early  in  the  combustion  process  is  especially 
important  since  it  is  compressed  to  a  higher  temperature, 
increasing  the  NO  formation  rate,  as  combustion  processed  and 
cylinder  pressure  increases  [41].  Most  of  the  papers  indicate 
injection  advanced  for  use  of  biodiesel,  due  to  its  low  compres¬ 
sibility  (higher  bulk  modulus)  [42-44]  and  faster  propagation 
towards  injector  for  high  sound  velocity.  Also  the  high  viscosity 
stimulates  high  in  line  pressure  by  reducing  leakage  and  resulting 
high  temperature  peaks  and  NO  formation  rates  [45-50].  This 
reasoning  is  strongly  opposed  [51]  as  NOx  formation  begins  well 
after  combustion  [52].  They  pointed  lower  cetane  number  as  main 
culprit  for  NOx  emission.  But  NOx  formation  seems  more  like  a 
thermal  phenomenon  as  supported  by  most  authors.  Jatropha 


Fig.  5.  Typical  composition  of  particulate  matter. 


methyl  ester  emits  lower  NOx  than  diesel  due  to  low  cylinder  peak 
pressure  and  lower  heat  release  rate  [39,53,54].  Significant  NO 
emission  reduction  is  achieved  by  increasing  injection  pressure  as 
well  as  advancing  injection  timing  using  Jatropha  in  a  single 
cylinder  direct  injection  diesel  engine  [55].  Tables  3  and  4  shows  a 
quick  summary  of  the  researcher’s  findings  about  NOx  emission 
from  diesel  engines  when  run  of  different  biodiesel  feedstock  and 
their  suggestions  to  compensate  it. 

3.3.  Particulate  matter  (PM) 

Particulate  matter  consists  of  elemental  carbon  («31%),  sulfates 
and  moisture  («14%),  unburnt  fuel  («7%),  unburnt  lubricating  oil 
(«40%)  and  remaining  may  be  metals  and  others  substances  [4]. 
Fuel  standards  are  heavily  coming  against  PM  emission  due  to  its 
infectivity  and  asthma  aggravation.  Near  zero  sulfur  content  of 
biodiesel  prevents  sulfate  formation  and  HC  absorption  on  soot 
surface  [60,71  ].  Significant  reduction  of  PM  and  soot  in  observed  in 
most  of  the  experiments  when  diesel  engines  are  fueled  with 
biodiesels,  irrespective  of  different  feedstock.  Most  authors  given 
the  reason  to  higher  oxygen  content  in  biodiesels  than  diesel  which 
promotes  further  oxidation  of  soot  particles  [20,47-49].  But  raw 
Jatropha  oil  and  Jatropha  methyl  ester  both  emit  more  smoke  and 
PM  [63].  Moreover,  the  injection  advance  caused  by  use  of 
biodiesel  also  exposes  the  fuel  mix  longer  time  in  high  temperature 
atmosphere  along  with  the  higher  cetane  number  of  biodiesel  can 
lead  to  a  less  PM  emission  (Fig.  5). 

3.4.  Unburnt  hydrocarbon  (HC)  and  carbon  monoxide  (CO) 

HC  and  CO  are  products  of  incomplete  combustions.  More 
precisely  speaking,  during  diffusion  in  combustion  and  flame 
quenching  these  emission  occurs.  Other  causes  are  rich  fuel  air 
ratio  with  insufficient  oxygen,  incomplete  combustion  of  lube  oil 
and  hydrocarbons  absorbed  by  oil  film  and  admit  in  exhaust  by 
misfire  [60].  HC  and  CO  emission  is  higher  in  full  load  other  than 
partial  loads  while  using  palm  and  other  vegetable  oil  methyl 
esters  as  fuel  [72];  this  is  due  to  the  increase  of  incomplete 
combustion  at  full  load  caused  by  scarcity  of  oxygen  [40].  Most  of 
the  authors  found  significant  reduction  of  HC  and  CO  from  different 
types  of  biodiesels  in  various  types  of  engines,  viz.  of  Nwafor  et  al., 
[74]  used  rapeseed  oil,  Kalligeros  et  al.,  [69]  tested  sunflower  and 
olive  oil,  Scholl  and  Sorenson  [73]  experimented  with  soybean  oil. 
Similar  result  is  reported  [47,60,61,66]  by  using  palm  oil  methyl 
ester  with  some  exceptions  [72].  But  Jatropha  methyl  ester  emits 
more  HC  and  CO  compared  to  conventional  diesel  [13,39,53,63]. 
Preheating  Jatropha  oil  and  using  in  lower  proportion  blends  with 
diesel  have  reduced  emission,  though  not  lower  than  conventional 
diesel  [39].  But  Narayana  Reddy  and  Ramesh,  [55],  found  less  HC 
and  CO  emission  by  increasing  injection  pressure  and  advancing 
injection  timing  while  using  Jatropha  as  fuel  in  diesel  engine. 
Higher  oxygen  content  of  vegetable  oils  leads  to  complete  and 
cleaner  combustion  as  well  as  higher  cetane  number  of  biodiesels 
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Contaminated  Fuel 


BO  is  1 00%  SAE  40  lubricant 

Y%  B20  is  Y%  B20  fuel  blended  in  (100-Y  %)  SAE  40  lubricants 

Y%  B20X  is  Y%  B20X  (X  additive  added)  fuel  blended  in  (100-Y)  %  SAE  40  lubricant 


Fig.  6.  Wear  scar  diameter  (WSD)  measured  by  four  ball  method  with  various 
contaminated  fuels  at  constant  load  of  50  Nm  [61]. 


reduces  combustion  delay  and  probability  of  fuel-rich  zones 
formation  which  are  prone  to  HC  and  CO  emissions  [49]. 


4.  Engine  compatibility  studies 

Some  critical  problems  of  straight  vegetable  oils  in  diesel 
engine  are  cold  weather  starting,  plugging  and  gumming  of  filters, 
engine  knocking,  coking  of  injectors  on  piston  and  head  of  engines, 
carbon  deposits  on  piston  and  head  of  engines,  excessive  engine 
wear,  poor  atomization,  piston  ring  sticking,  fuel  pump  failure  of 
engine  lubricating  oil  due  to  polymerization  [4-6,75-79].  All  this 
problems  are  caused  by  some  common  reasons  like  high  viscosity, 
very  low  cetane  number,  and  blowby  of  crankcase.  By  transester¬ 
ification  vegetable  oils  viscosity  can  be  reduced  [75,78,80]  and 
some  author  [41,62]  prescribes  preheating  of  oil,  others  [59,61,81- 
84]  uses  additives  to  tackle  such  problems  and  make  biodiesel 
more  adaptable  in  diesel  engine  without  any  engine  modification. 

4.1.  Wear 

Wear  is  an  important  characteristic  to  validate  engine 
compatibility  of  a  fuel  as  it  relates  to  material  loss  from  engine 
parts  and  energy  consumption.  Many  authors  have  attempted  to 
compare  wear  effect  of  biodiesel  in  different  methods.  Using  palm 
oil  methyl  ester  as  feedstock  blend  some  authors  found 
significantly  low  wear  of  some  engine  material  [61,85-90].  But 
pure  palm  shows  higher  friction  and  wear  effect  in  diesel  engines 
in  comparison  to  petro  diesel  [86,88].  Fuel  dilution  as  well  as 
change  in  viscosity  is  lesser  in  biodiesel  fouled  system  compared  to 
diesel  fueled  system  [4].  Due  to  oxidative  characteristics  biodiesel 
causes  more  corrosion  and  wear  to  engine  parts  especially  where 
fuel  comes  in  contact  during  operations.  In  response  to  this  effect 
[61]  used  anti-wear  additives  and  found  significant  reduction  of 
wear  properties  as  shown  in  Figs.  6  and  7. 

4.2.  Corrosion 

Corrosion  also  plays  little  part  in  engine  part  degradation  due  to 
acidic  nature  of  palm  oil  diesel.  The  water  content  of  POD  can 
convert  some  esters  into  fatty  acids  by  reverse  reaction  shown  in 
Fig.  2  under  favorable  conditions  and  this  acid  causes  corrosive 
wear  to  engine  parts  like  piston  ring,  piston  liner,  etc.  Very  few 
investigations  are  found  on  this  issue.  Moreover  vegetable  based 
palm  oil  contains  palmitic  and  free  fatty  acids  in  its  composition 
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B0  is  1 00%  SAE  40  lubricant 

Y%  B20  is  Y%  B20  fuel  blended  in  (100-Y  %)  SAE  40  lubricants 

Y%  B20X  is  Y%  B20X  (X  additive  added)  fuel  blended  in  (100-Y)  %  SAE  40  lubricant 

Fig.  7.  Coefficient  of  friction  for  various  contaminated  fuel’s  lubricants  at  constant 
load  of  50  Nm  [61  ]. 

which  reduces  wear  when  palm  is  contaminated  in  lube  oil  [86]. 
Long  duration  static  immersion  test  of  piston  liner  and  piston 
metal  is  conducted  by  [91]  found  slightly  corrosive  nature  of  J. 
curcas  biodiesel  which  could  be  caused  by  presence  of  linoleic  acid 
in  oil  (19-41%).  Desired  anti-corrosive  properties  are  successfully 
introduced  in  palm  biodiesel  blends  by  using  anti-corrosive 
additives  [66]. 

5.  Blending  role’s  and  oxidative  stability  improvement 

Oxidation  stability  is  vital  for  longer  storage  period  without 
degradation  of  quality,  standardization.  Biodiesel  causes  higher 
oxidation  when  comes  in  contact  with  lube  oil  and  causes  slightly 
higher  viscosity  [4]  which  could  lead  to  low  break  specific  fuel 
consumption.  The  fatty  acids  in  the  palmitic  lubricant  might  cause 
high  chemical  reaction  on  the  metal  surface  and  hence  oxidize  the 
lube  oil  [89].  Crude  palm  oil  methyl  esters  are  found  to  exhibit 
better  oxidative  stability  (rancimat  induction  period  >25  h)  than 
distilled  palm  oil  methyl  esters  (about  3.5  h)  [92].  Formation  of 
resinous  products  because  of  oil  oxidation,  evaporation  of  lighter 
fractions,  depletion  of  anti-wear  additives,  and  contamination  by 
insoluble  tend  to  increase  the  viscosity  while  fuel  dilution  and 
shearing  of  viscosity  index  improvers  tends  to  bring  down  its 
viscosity  [4].  Sarin  et  al.,  [93]  carried  out  oxidation  stability  test  by 
EN  141 1 2/IS  1 5602  test  method  with  different  feedstock  and  found 
high  oxidation  stability  (13.37  h)  of  POME  even  in  high  tempera¬ 
ture  due  to  its  large  fraction  of  saturated  fatty  acid  (43.4%).  Though 
Jatropha  shows  lower  stability  (3.23  h)  which  is  higher  than 
sunflower  (1.73  h).  To  improve  stability  anti-oxidant  dosing  is 
quite  effective  nevertheless  mixing  POME  in  higher  proportion 
with  Jatropha  biodiesel  also  attains  higher  stability  than  only 
Jatropha  biodiesel  [93]  (Fig.  8). 

6.  Biodiesel  standardization 

Table  5  represents  a  summary  of  biodiesel  standards  under 
practice  around  the  world  along  with  corresponding  properties  of 
palm  methyl  ester  and  Jatropha  methyl  ester. 

7.  Future  challenges  of  biodiesel 

There  are  many  challenges  for  SE  Asian  counties  to  establish 
biodiesel  as  a  substitute  for  conventional  petro  diesel.  So  far 
biodiesel  is  commercialized  by  government  and  enjoyed  high 
subsidies.  Main  hurdle  in  penetrating  the  market  is  reducing  the 
high  production  cost  of  biodiesel  to  make  it  competitive  with 


Table  5 

Physicochemical  properties  of  biodiesel. 
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Fig.  8.  Oxidation  stability  of  Jatropha-palm  biodiesel  blend  (JPBD). 


petroleum  fuels.  Major  factor  determining  biodiesels  price  is  its 
feedstock  price  [20].  To  reduce  cost,  modification  of  a  high  yielding, 
low  cost  transesterification  process.  SE  Asian  countries  have  a 
strong  agricultural  sector  with  low  manpower  cost,  tropical 
environment  and  high  yielding  oilseed  crops.  From  this,  small¬ 
holder  farmers  will  be  benefitted  by  generating  employment  and 
increasing  rural  incomes,  but  the  scope  of  those  benefits  is  likely  to 
remain  limited  with  current  technologies  [97].  Technological 
advancement  through  continuous  research  and  development  is 
another  challenge  for  SE  Asian  countries. 

Before  the  prologue  of  transesterification  process  vegetable  oils 
are  been  used  and  experimented  by  many  researchers.  Most 
authors  reported  heavy  carbon  deposition,  filter  plugging,  injector 
coking,  ring  sticking,  fuel  system  failure,  cold  weather  starting, 
gum  and  wax  formation,  and  lubricating  oil  contamination,  etc. 
while  using  vegetable  oils  as  alternative  fuel.  These  problems  are 
dominant  when  1 00%  vegetable  oil  is  used  as  fuel  in  diesel  engines. 
Some  common  reasons  are  pointed  by  most  researchers  as  high 
viscosity,  low  volatility,  impurity,  free  fatty  acid,  polymerization, 
free  water,  etc. 

The  challenge  of  biodiesel  is  not  only  in  short  term  operation 
in  diesel  engine,  but  is  long  term  engine  operation  and  reduction 
of  its  high  production  cost  [11].  Researchers  have  measured 
biodiesel  performance  in  engine  and  found  some  problems 
caused  by  biodiesel.  Most  of  these  problems  are  eminent 
and  caused  catastrophic  engine  failure  when  straight  vegetable 
oil  is  used.  These  problems  are  summarized  in  Table  6.  But 
these  problems  still  exist  in  automotive  uses  in  marginal  level, 
though  auto-manufacturers  are  considering  this  as  main  reason 
for  not  certifying  biodiesel  as  fuel  in  their  vehicles.  Overcoming 
this  problems  are  challenges  for  engine  manufacturers  and 
researchers  in  next  decade.  This  will  also  effect  to  achieve  the 
set  targets  by  different  countries  to  replace  fossil  fuels  in  certain 
extend  by  renewable  sources.  These  targets  are  summarized  in 
Table  7. 

8.  Sustainable  energy  policy 

Form  the  policies  of  Southeast  Asian  countries  it  can  be  easily 
comprehended  that,  they  are  mainly  focused  on  export  rather  than 
utilization  in  their  own  countries  and  less  concern  about 
environment.  All  these  countries  pay  heavy  subsidies  on  petro¬ 
leum  transport  fuel  which  are  imported.  On  the  other  hand,  to 
commercialize  self-produced  biofuel  they  need  to  pay  more 
subsidies  as  biofuel  price  is  still  a  bit  higher.  Bridging  the  gap 
by  subsidies  became  infeasible  due  to  the  low  petroleum  prices 
(USD  45.71 /barrel  crude  oil  in  March  11,  2009).  Malaysian 
government  have  stopped  the  Envo  Diesel  (5%  Palm  Methyl  Ester 
and  95%  Diesel)  project  as  it  failed  to  market  it  at  2008  as  planned 
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Table  6 

Problem  and  causes  in  vegetable  oil  run  diesel  engines. 
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Problems 


Causes  of  problem 


Researchers 


1.  Carbon  deposits  on  piston,  piston  rings,  valves, 
engine  head  and  injector  tips 


2.  Filter  plugging,  injector  coking,  nozzle  blocking 


3.  Failure  of  engine  lubricating  oil 


4.  Cold  weather  starting 


5.  Heavy  gum  and  wax  formation,  deposition  on  piston, 
piston  rings,  injectors  and  cylinder  wall 

6.  Corrosion  of  high  pressure  injecting  pump,  injectors, 
injector  nozzles,  supply  or  feed  pumps,  high  pressure 
pipes 


7.  Fuel  delivery  problems,  poor  nozzle  spray  atomization 

8.  Elastomer  like  nitrile  rubber  softening,  swelling, 
hardening,  cracking 


High  viscosity  of  vegetable  oil, 
incomplete  combustion,  poor 
combustion  in  partial  load 

Polymerization  products,  impurities, 
free  glycerin,  FAME  process  chemicals 
(K,  Na,  detergents,  etc.) 

Collection  of  polyunsaturated  vegetable  oil, 
blow-by  in  crankcase  to  the  point 
where  polymerization 

High  viscosity,  low  cetane  and  low 
flash  point  of  vegetable  oils 

High  viscosity,  oxidation 


Free  water,  free  FAME,  corrosive  acids 
(formic  &  acetic),  free  methanol,  NaOH  or 
KOH  particles  in  fuel,  high  viscosity 
at  low  temperature,  iodine  value, 
total  acid  number,  etc. 

Higher  viscosity  at  low  temperature 
Free  methanol,  free  water  in  mixture 


Agarwal  [4];  Labeckas  and  Stasys  [76]; 

Ramadhas  et.  al.  [75];  Kalam  and  Masjuki,  [60]; 

Ma  and  Hanna  [5];  Nag  et.  al.  [98];  Schlick  [99]; 

Harwood  [6];  Pestes  and  Stanisalo  [77];  Engler  et  al.  [100] 
Labeckas  and  Slavinskas  [76];  Jones  et.  al.  [101]; 

FIE  manufacturer  [102];  Ryan  et  al.  [103]; 

Peterson  et  al.  [104];  Pryor  et  al.  [105]; 

Bruwer  et  al.  [106];  Van  der  Walt  and  Hugo  [107] 

Agarwal  [4];  Ma  and  Hanna  [5];  Mittelbach  [108]; 

Perkins  et  al.  [109];  Reid  et  al.,  [110]; 

Schlautman  et  al.  [Ill];  Harwood  [6]; 

Engler  et  al.  [100];  Hofman  et  al.  [112] 

Agarwal  [4];  Prateepchaikul  and  Apichato  [113]; 

Perkins  et  al.  [109];  Baranescu  and  Lusco  [114]; 

Sims  et  al.  [115] 

Silvico  et  al.  [119];  Zieiwski  and  Goettler  [116]; 

Tahir  et  al.  [117];  Peterson  et  al.  [118]; 

Hofman  et  al.  [112] 

Brink  et  al.  [120] 


FIE  manufacturers  [102];  Allsup  [121] 
Bosch  [122] 


Table  7 

Short  summery  of  worldwide  biofuel  targets  [15,23,123-125]. 


Country 

Official  biofuel  targets 

Brazil 

40%  rise  in  ethanol  production,  2005-2010;  Mandatory  blend  of  20-25%  anhydrous  ethanol  with  petrol; 
diesel  by  July  2008  and  5%  (B5)  by  end  of  2010 

minimum  blending  of  3%  biodiesel  to 

Canada 

5%  renewable  content  in  petrol  by  2010  and  2%  renewable  content  in  diesel  fuel  by  2012 

European  Union 

10%  in  2020  (biofuels);  target  set  by  European  Commission  in  January,  2008 

UK 

5%  by  2020  (biofuels,  by  energy  content) 

Indonesia 

2.5  vol.%  of  biodiesel  blend  in  diesel  and  3%  ethanol  blend  in  gasoline  by  2010 

Malaysia 

EnvoDiesel  in  all  fuel  stations  and  industrial  sectors  from  2008  (but  it  failed).  Currently  its  more  focused 
rather  than  utilization  inside  country 

in  quality  biodiesel  export 

Thailand 

5%  and  10%  replacement  of  diesel  respectively  in  2011  and  2012 

in  “The  National  Biofuel  Policy”  surfaced  in  21  March,  2006  [122]. 
Moreover,  Germany  has  curtailed  their  subsidies  on  biofuels.  As  a 
result  many  fuel  stations  in  Germany  and  palm  industries  in 
Malaysia  suspended  operations  last  year.  But  in  January,  2009, 
palm  diesel  production  has  accelerated  in  Malaysia  along  with 
Indonesia  as  palm  oil  price  gone  down  75%  with  respect  to  January 
2008  [123].  The  Government  of  Indonesia  established  its  first 
national  policy  on  biofuels  in  2006  by  setting  a  target  of  replacing 
10%  transport  fuel  by  biofuel  by  2010.  National  oil  company 
Pertamina  started  selling  B5  biodiesel  blends  commercially  but 
suffered  serious  financial  losses  due  to  high  feedstock  price  of 
biofuel.  To  compensate  losses  the  blend  ration  is  lowered  to  1% 
now.  This  phenomena  have  plunged  the  Indonesian  government  to 
subside  the  target  to  2.5%  diesel  excision  by  biodiesel  and  3% 
gasoline  by  ethanol  in  2010  [124].  Thailand  has  progressed  well 
after  setting  a  target  in  January,  2005  to  replace  10%  diesel  by 
biodiesel  by  2012.  About  800  gas  stations  were  selling  B5  blends  in 
2007.  A  steady  progress  of  Thailand  and  Indonesia  in  this  sector  is 
due  to  availability  of  many  different  type  of  feedstock.  Thailand’s 
main  biodiesel  feedstock  is  palm  but  it  has  coconut  oil,  Jatropha  oil, 
waste  cooking  oil  and  bioethanol  producing  plants  based  on 
molasses,  cassava  and  sugarcane.  Indonesian  bioethanol  plans  uses 
sugarcane  and  cassava  as  feedstock.  Whereas  Malaysia’s  biofuel 
production  is  grossly  focused  only  in  palm  diesel,  this  makes  it 


more  vulnerable  to  volatile  petroleum  and  palm  oil  (food  grade) 
prices.  Nevertheless,  palm  oil’s  versatile  applications,  ranging  from 
food  products  to  biodiesel,  have  made  it  the  most  sought  after 
vegetable  oil  in  the  world.  A  subsequent  growth  of  Jatropha  oil 
production  could  have  leaded  a  sustainable  energy  security 
through  biodiesel  [9]. 

9.  Conclusion 

From  the  overall  review  this  can  be  assessed  that  Southeast 
Asian  countries  possess  a  huge  prospect  for  biodiesel  production. 
Because  of  high  yield  factor  of  palm  in  its  tropical  climate,  less 
requirement  of  fertile  land,  fertilizer  and  pesticides  made  this 
feedstock,  environment  friendly  low  carbon  fuel.  On  the  other 
hand,  engine  emissions  are  significantly  low  in  POME  except  NOx 
emission.  Moreover,  oxidation  stability  of  palm  is  more  than  that  of 
Jatropha  and  other  biodiesel  feedstock.  This  is  a  reason  of 
staggering  demand  of  palm  based  biodiesel  in  international 
market.  This  surge  consequently  makes  the  outlook  for  conserva¬ 
tion  of  the  rainforests  SE  Asia  bleak.  Firing  and  logging  of  rainforest 
should  be  strictly  oppressed  for  the  sake  of  sustainable  feedstock 
production  by  government  policy.  Meanwhile  keeping  a  steady 
supply  of  feedstock  of  biodiesel  and  edible  oils  simultaneously  is 
another  challenge  for  ensuring  food  and  energy  security.  Jatropha 
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being  non-edible  oil  and  easily  grown  in  non-cropped  marginal 
lands  and  wastelands  [126],  stands  as  a  future  second  generation 
biodiesel  of  this  region. 

Acknowledgements 

The  authors  would  like  to  acknowledge  Ministry  of  Science, 
Technology  and  Innovation  (MOSTI)  for  the  project:  03-01-03- 
SF0433  and  University  of  Malaya  for  the  financial  support  and 
excellent  research  environment. 

References 

[1  ]  Kurani  KS,  Sperling  D.  Rise  and  fall  of  diesel  cars:  a  consumer  choice  analysis. 
Transportation  Research  Record  1988;1175:23-32. 

[2]  Walsh  MP.  Global  trends  in  diesel  emissions  control— a  1999  update.  SAE 
Tech  Paper  No.  1999-01-0107;  1999. 

[3]  Nitschke  WR,  Wilson  CM.  Rudolph  diesel,  pioneer  of  the  age  of  power. 
Norman,  OK:  The  University  of  Oklahoma  Press;  1965. 

[4]  Agarwal  AK.  Biofuels  (alcohols  and  biodiesel)  applications  as  fuels  for  internal 
combustion  engines.  Progress  in  Energy  and  Combustion  Science  2007; 
33(3):233-71. 

151  Ma  F,  Hanna  MA.  Biodiesel  production:  a  review.  Bioresource  Technology 
1999;70(1):1-15. 

[6]  Harwood  HJ.  Oleochemicals  as  a  fuel:  mechanical  and  economic  feasibility. 
Journal  of  the  American  Oil  Chemists’  Society  1984;61(2):315-24. 

[7]  De  B,  Bhattacharyya  D,  Bandhu  C.  Enzymatic  synthesis  of  fatty  alcohol  esters 
by  alcoholysis.  Journal  of  the  American  Oil  Chemists’  Society  1999;76(4): 
451-3. 

[8]  Selmi  B,  Thomas  D.  Immobilized  lipase-catalyzed  ethanolysis  of  sunflower  oil 
in  a  solvent-free  medium.  Journal  of  the  American  Oil  Chemists’  Society 
1998;75(6):691-5. 

[9]  Tan  KT,  Lee  KT,  Mohamed  AR,  Bhatia  S.  Palm  oil:  addressing  issues  and 
towards  sustainable  development.  Renewable  and  Sustainable  Energy 
Reviews  2009;13(2):420-7. 

[10]  Salunkhe  DK,  C.  JK,  A.  RN,  K.  SS.  World  oilseeds:  chemistry,  technology,  and 
utilization.  Springer;  1992.  p.  545. 

[11]  Vanichseni  T,  Intaravichai  S,  Saitthiti  B,  Kiatiwat  T.  Potential  biodiesel  pro¬ 
duction  from  palm  oil  for  Thailand.  Kasetsart  Journal  Natural  Sciences 
2002;36(l):83-97. 

[12]  Siriwardhana  M,  Opathella  GKC,  Jha  MK.  Bio-diesel:  initiatives,  potential  and 
prospects  in  Thailand:  a  review.  Energy  Policy  2009;37(2):554-9. 

[13]  Banapurmath  NR,  Tewari  PG,  Hosmath  RS.  Performance  and  emission  char¬ 
acteristics  of  a  DI  compression  ignition  engine  operated  on  Honge,  jatropha 
and  sesame  oil  methyl  esters.  Renewable  Energy  2008;33(9):1982-8. 

[14]  Wicke  B,  Dornburg  V,  Junginger  M,  Faaij  A.  Different  palm  oil  production 
systems  for  energy  purposes  and  their  greenhouse  gas  implications.  Biomass 
and  Bioenergy  2008;32(12):1322-37. 

[15]  Food  and  Agriculture  Organization  of  The  United  Nations  (FAO).  The  State 
of  Food  and  Agriculture,  <http://www.fao.org/docrep/011/i0100e/ 
i0100e00.htm:  p.  57>;  2008  [accessed  26.02.09]. 

[16]  Srivastava  A,  Prasad  R.  Triglycerides-based  diesel  fuels.  Renewable  and 
Sustainable  Energy  Reviews  2000;4(2):lll-33. 

[17]  Formo  MW.  Ester  reactions  of  fatty  materials.  Journal  of  the  American  Oil 
Chemists’  Society  1954;31(ll):548-59. 

[18]  Murugesan  A,  Umarani  C,  Chinnusamy  TR,  Krishnan  M,  Subramanian  R, 
Neduzchezhain  N.  Production  and  analysis  of  bio-diesel  from  non-edible 
oils— a  review.  Renewable  and  Sustainable  Energy  Reviews  2009;  13(4): 
825-34. 

[19]  Fernando  S,  Karra  P,  Hernandez  R,  Jha  SK.  Effect  of  incompletely  converted 
soybean  oil  on  biodiesel  quality.  Energy  2007;32(5):844-51. 

[20]  Graboski  MS,  Mccormick  RL.  Combustion  of  fat  and  vegetable  oil  derived  fuels 
in  diesel  engines.  Progress  in  Energy  and  Combustion  Science  1 998;  24: 125-64. 

[21]  Sumathi  S,  Chai  SP,  Mohamed  AR.  Utilization  of  oil  palm  as  a  source  of 
renewable  energy  in  Malaysia.  Renewable  and  Sustainable  Energy  Reviews 
2008;12(9):2404-21. 

[22]  Husin  M,  Ramli  R,  Mokhtar  A,  Hassan  WHW,  Hassan  K,  Mamat  R,  Aziz  AA. 
Research  and  development  of  oil  palm  biomass  in  wood  based  industries. 
Malaysian  palm  oil  board  bulletin/palm  oil  developments  36/information 
series  2005. 

[23]  International  Energy  Agency  (IEA).  World  Energy  Outlook,  <http:// 
www.worldenergyoutlook.org/2006.asp>;  2006  [accessed  26.02.09]. 

[24]  Hooijer  A,  Silvius  M,  Wosten  H,  Page  S.  PEAT-C02,  assessment  of  C02  emis¬ 
sions  from  drained  peatlands  in  SE  Asia.  Delft  Hydraulics  Report 
2006;Q3943:2006. 

[25]  Mcclellan  I.  Indonesia’s  natural  resources  and  the  environment:  develop¬ 
ment,  politics,  and  ecological  destruction.  M.A.  diss.,  Webster  University,  In 
Dissertations  &  Theses:  Full  Text  [database  on-line];  available  from  http:// 
www.proquest.com  (publication  number  AAT  1452305;  accessed  March  13, 
2009),  2008:  p.  45-46. 

[26]  USDA-ARS  AND  WSU.  BioFuel  Variety  Trials,  cff.wsu.edu/Publications/Pre- 
sentations/FieldDAY_2004_BioFuels.pdf;  2004  [accessed  3.03.09]. 


[27]  USDA-FAS  (Foreign  Agricultural  Service  of  the  Unite  States  Department  of 
Agriculture).  <http:/ /www.fas.usda.gov/ >. 

[28]  Prather  M,  Ehhalt  D.  Atmospheric  chemistry  and  green-house  gases.  In: 
Houghton  JT,  Ding  Y,  Griggs  DJ,  et  al.,  editors.  Climate  change  2001:  the 
scientic  basis.  Cambridge,  UK:  Cambridge  University  Press;  2001.  pp.  239- 
287. 

[29]  Criitzen  PJ.  The  influence  of  nitrogen  oxides  on  the  atmospheric  ozone 
content.  Quarterly  Journal  of  the  Royal  Meteorological  Society  1970; 
96(408):320-5. 

[30]  Von  Blottnitz  H,  Rabl  A,  Boiadjiev  D,  Taylor  T,  Arnold  S.  Damage  costs  of 
nitrogen  fertilizer  in  Europe  and  their  internalization.  Journal  of  Environ¬ 
mental  Planning  and  Management  2006;49(3):413-33. 

[31]  Criitzen  PJ,  Mosier  AR,  Smith  KA,  Winiwarter  W.  N20  release  from  agro¬ 
biofuel  production  negates  global  warming  reduction  by  replacing  fossil 
fuels.  Atmospheric  Chemistry  and  Physics  Discussion  2007;7(4):11191- 
205. 

[32]  Wahid  MB,  Abdullah  SNA,  Henson  IE.  Oil  palm— achievements  and  potential. 
Plant  Production  Science  2005;8(3):288-97. 

[33]  Reijnders  L,  Huijbregts  MAJ.  Palm  oil  and  the  emission  of  carbon-based 
greenhouse  gases.  Journal  of  Cleaner  Production  2008;16(4):477-82. 

[34]  De  Vries  SC.  The  bio-fuel  debate  and  fossil  energy  use  in  palm  oil  production: 
a  critique  of  Reijnders  and  Huijbregts  2007.  Journal  of  Cleaner  Production 
2008;  16(1 7):  1926-7. 

[35]  Mahlia  TMI,  Abdulmuin  MZ,  Alamsyah  TMI,  Mukhlishien  D.  An  alternative 
energy  source  from  palm  wastes  industry  for  Malaysia  and  Indonesia.  Energy 
Conversion  and  Management  2001  ;42(18):2109-18. 

[36]  Yusoff  S.  Renewable  energy  from  palm  oil— innovation  on  effective  utilization 
of  waste.  Journal  of  Cleaner  Production  2006;14(l):87-93. 

[37]  Bangun  D.  Indonesian  palm  oil  industry.  National  institute  of  oilseed  pro¬ 
ducts  annual  convention  2006. 

[38]  Prasertsan  S,  Prasertsan  P.  Biomass  residues  from  palm  oil  mills  in  Thailand: 
an  overview  on  quantity  and  potential  usage.  Biomass  and  Bioenergy  1996; 
ll(5):387-95. 

[39]  Agarwal  D,  Agarwal  AK.  Performance  and  emissions  characteristics  of  Jatro¬ 
pha  oil  (preheated  and  blends)  in  a  direct  injection  compression  ignition 
engine.  Applied  Thermal  Engineering  2007 ;27(1 3 ):23 14-23. 

[40]  Almeida  SDAD.  Performance  of  a  diesel  generator  fuelled  with  palm  oil.  Fuel 
2003;81(7-8):1113. 

[41  ]  Heywood  JB.  Internal  Combustion  Engine  Fundamental,  Automotive  Tech¬ 
nology  Series;  1998. 

[42]  Szybist  JP,  Boehman  AL,  Taylor  JD,  Mccormick  RL.  Evaluation  of  formulation 
strategies  to  eliminate  the  biodiesel  NOx  effect.  Fuel  Processing  Technology 
2005  ;86(  10):  11 09-26. 

[43]  Tat  ME,  Van  Gerpen  JH,  Soylu  S,  Canakci  M,  Monyem  A,  Wormley  S.  Speed  of 
sound  and  isentropic  bulk  modulus  of  biodiesel  at  21  °C  from  atmospheric 
pressure  to  35  MPa.  JAOCS.  Journal  of  the  American  Oil  Chemists’  Society 
2000;77(3):285-9. 

[44]  Alam  M,  Snog  J,  Acharya  R,  Boehman  A,  Miller  K.  Combustion  and  emissions 
performance  of  low  sulfur,  ultra-low  sulfur  and  biodiesel  blends  in  a  di  diesel 
engine.  SAE  Technical  Paper  No.  2004-01-3024;  2004. 

[45]  Yamane  K,  Ueta  A,  Shimamoto  Y.  Influence  of  physical  and  chemical  proper¬ 
ties  of  biodiesel  fuels  on  injection,  combustion  and  exhaust  emission  char¬ 
acteristics  in  a  direct  injection  compression  ignition  engine.  International 
Journal  of  Engine  Research  2004;4:249-61. 

[46]  Tat  ME,  Van  Gerpen  JH.  Measurement  of  biodiesel  speed  of  sound  and 
its  impact  on  injection  timing.  Natural  Renewable  Energy  Laboratories 

2003. 

[47]  Monyem  A,  Van  Gerpen  JH.  The  effect  of  biodiesel  oxidation  on 
engine  performance  and  emissions.  Biomass  and  Bioenergy  2001;20(4): 
317-25. 

[48]  Cardone  M,  Prati  MV,  Rocco  V,  Seggiani  M,  Senatore  A,  Vitolo  S.  Brassica 
carinata  as  an  alternative  oil  crop  for  the  production  of  biodiesel  in  Italy: 
engine  performance  and  regulated  and  unregulated  exhaust  emissions. 
Environmental  Science  and  Technology  2002;36(21  ):4656-62. 

[49]  Lapuerta  M,  Armas  0,  Rodnguez-Fernandez  J.  Effect  of  biodiesel  fuels  on 
diesel  engine  emissions.  Progress  in  Energy  and  Combustion  Science 
2007;34:198-223. 

[50]  Murillo  S,  Miguez  JL,  Porteiro  J,  Granada  E,  Moran  JC.  Performance  and 
exhaust  emissions  in  the  use  of  biodiesel  in  outboard  diesel  engines.  Fuel 
2007;86(  12-1 3):  1765-71. 

[51  ]  Szybist  JP,  Song  J,  Alam  M,  Boehman  AL.  Biodiesel  combustion,  emissions  and 
emission  control.  Fuel  Processing  Technology  2007;88(7):679-91. 

[52]  Glassman  I.  Combustion,  3rd  ed.,  San  Diego:  Academic  Press,  Inc.;  1996, 

2004. 

[53]  Senthil  Kumar  M,  Ramesh  A,  Nagalingam  B.  An  experimental  comparison  of 
methods  to  use  methanol  and  Jatropha  oil  in  a  compression  ignition  engine. 
Biomass  and  Bioenergy  2003;25(3):309-18. 

[54]  Pradeep  V,  Sharma  RP.  Use  of  HOT  EGR  for  NOx  control  in  a  compression 
ignition  engine  fuelled  with  bio-diesel  from  Jatropha  oil.  Renewable  Energy 
2007  ;32(7):  1136-54. 

[55]  Narayana  Reddy  J,  Ramesh  A.  Parametric  studies  for  improving  the  perfor¬ 
mance  of  a  Jatropha  oil-fuelled  compression  ignition  engine.  Renewable 
Energy  2006;31(12):1994-2016. 

[56]  Johnson  JH,  Bagley  ST,  Gratz  LD,  Leddy  DG.  A  review  of  diesel  particulate 
control  technology  and  emissions  effects— 1992  horning  memorial  award 
lecture.  SAE  Technical  Paper  94-0233;  2004. 


M.H.  Jayed  et  al. / Renewable  and  Sustainable  Energy  Reviews  13  (2009)  2452-2462 


2461 


[57]  Summers  JC,  Van  Houtte  S,  Psaras  D.  Simultaneous  control  of  particulate  and 
NOx  emissions  from  diesel  engines.  Applied  Catalysis  B  Environmental 
1996;  10(1 -3):  139-56. 

[58]  Uyehara  0.  Factors  that  affect  NO  and  particulates  in  diesel  engine  exhaust. 
Part  IIx.  SAE  Paper  920695;  1992. 

[59]  Keskin  A,  Giiru  M,  Altiparmak  D.  Biodiesel  production  from  tall  oil  with 
synthesized  Mn  and  Ni  based  additives:  effects  of  the  additives  on  fuel 
consumption  and  emissions.  Fuel  2007;86(7-8):l  139-43. 

[60]  Kalam  MA,  Masjuki  HH.  Emissions  and  deposit  characteristics  of  a  small 
diesel  engine  when  operated  on  preheated  crude  palm  oil.  Biomass  and 
Bioenergy  2004;27(3):289-97. 

[61  ]  Kalam  MA,  Masjuki  HH.  Testing  palm  biodiesel  and  NPAA  additives  to  control 
NOx  and  CO  while  improving  efficiency  in  diesel  engines.  Biomass  and 
Bioenergy  2008;32(12):1 116-22. 

[62]  Bari  S,  Lim  TH,  Yu  CW.  Effects  of  preheating  of  crude  palm  oil  (CPO)  on 
injection  system,  performance  and  emission  of  a  diesel  engine.  Renewable 
Energy  2002;27(3):339-51. 

[63]  Senthil  Kumar  M,  Ramesh  A,  Nagalingam  B.  Investigations  on  the  use  of 
Jatropha  oil  and  its  methyl  ester  as  a  fuel  in  a  compression  ignition  engine. 
Journal  of  the  Institute  of  Energy  2001  ;74(498):24-8. 

[64]  Jha  SK,  Fernando  S,  To  SDF.  Flame  temperature  analysis  of  biodiesel  blends 
and  components.  Fuel  2008;87(10-ll):1982-8. 

[65]  Canakci  M,  Sanli  H.  An  assessment  about  the  reasons  of  NOx  rise  in  biodiesel’s 
exhaust  emissions.  Journal  of  Naval  Science  and  Engineering  2005 ;3: 
81-92. 

[66]  Kalam  MA,  Masjuki  HH.  Biodiesel  from  palmoil— an  analysis  of  its  properties 
and  potential.  Biomass  and  Bioenergy  2002;23(6):471-9. 

[67]  Lin  Y-C,  Lee  C-F,  Fang  T.  Characterization  of  particle  size  distribution  from 
diesel  engines  fueled  with  palm-biodiesel  blends  and  paraffinic  fuel  blends. 
Atmospheric  Environment  2008;42(6):1 133-43. 

[68]  Lin  Y-C,  Lee  W-J,  Wu  T-S,  Wang  C-T.  Comparison  of  PAH  and  regulated 
harmful  matter  emissions  from  biodiesel  blends  and  paraffinic  fuel  blends 
on  engine  accumulated  mileage  test.  Fuel  2006;85(1 7-1 8):251 6-23. 

[69]  Kalligeros  S,  Zannikos  F,  Stournas  S,  Lois  E,  Anastopoulos  G,  Teas  C,  Sakellar- 
opoulos  F.  An  investigation  of  using  biodiesel/marine  diesel  blends  on  the 
performance  of  a  stationary  diesel  engine.  Biomass  and  Bioenergy 
2003;24(2):141-9. 

[70]  Altin  R,  Cetinkaya  S,  Yucesu  HS.  Potential  of  using  vegetable  oil  fuels  as  fuel 
for  diesel  engines.  Energy  Conversion  and  Management  2001;42(5): 
529-38. 

[71  ]  Duran  A,  Monteagudo  JM,  Armas  O,  Hernandez  JJ.  Scrubbing  effect  on  diesel 
particulate  matter  from  transesterified  waste  oils  blends.  Fuel  2006;85(7- 
8):923-8. 

[72]  Rakopoulos  CD,  Antonopoulos  KA,  Rakopoulos  DC,  Hountalas  DT,  Giakoumis 
EG.  Comparative  performance  and  emissions  study  of  a  direct  injection  diesel 
engine  using  blends  of  diesel  fuel  with  vegetable  oils  or  bio-diesels  of  various 
origins.  Energy  Conversion  and  Management  2006;47:3272-87. 

[73]  Scholl  KW,  Sorenson  SC.  Combustion  of  soybean  oil  methyl  ester  in  a  direct 
injection  diesel  engine.  SAE  Special  Publications;  1993. 

[74]  Nwafor  OMI,  Rice  G,  Ogbonna  AL  Effect  of  advanced  injection  timing  on  the 
performance  of  rapeseed  oil  in  diesel  engines.  Renewable  Energy  2000;21(3- 
4);433-44. 

[75]  Ramadhas  AS,  Jayaraj  S,  Muraleedharan  C.  Characterization  and  effect  of 
using  rubber  seed  oil  as  fuel  in  the  compression  ignition  engines.  Renewable 
Energy  2005;30(5):795-803. 

[76]  Labeckas  G,  Slavinskas  S.  Performance  of  direct-injection  off-road  diesel 
engine  on  rapeseed  oil.  Renewable  Energy  2006;31(6):849-63. 

[77]  Pestes  MN,  Stanislao  J.  Piston  ring  deposits  when  using  vegetable  oil  as  a  fuel. 
Journal  of  Testing  and  Evaluation  1984;12(2):61-8. 

[78]  Korus  R,  Jo  J,  Peterson  C.  A  rapid  engine  test  to  measure  injector  fouling  in 
diesel  engines  using  vegetable  oil  fuels.  Journal  of  the  American  Oil  Chemists’ 
Society  1985;62(1 1):1563-4. 

[79]  Muniyappa  PR,  Brammer  SC,  Noureddini  H.  Improved  conversion  of  plant  oils 
and  animal  fats  into  biodiesel  and  co-product.  Bioresource  Technology 
1996;56(l):19-24. 

[80]  Basha  SA,  Gopal  KR,  Jebaraj  S.  A  review  on  biodiesel  production,  combustion, 
emissions  and  performance.  Renewable  and  Sustainable  Energy  Reviews 
2009;  13(6-7):  1628-34. 

[81]  Frusteri  F,  Spadaro  L,  Beatrice  C,  Guido  C.  Oxygenated  additives  production 
for  diesel  engine  emission  improvement.  Chemical  Engineering  Journal 
2007;134:239-45. 

[82]  Corporan  E,  Dewitt  M,  Wagner  M.  Evaluation  of  soot  particulate  mitigation 
additives  in  a  T63  engine.  Fuel  Processing  Technology  2004;85(6-7). 

[83]  Guru  M,  Karakaya  U,  Altiparmak  D,  Ahcilar  A.  Improvement  of  Diesel  fuel 
properties  by  using  additives.  Energy  Conversion  and  Management 
2002;43:1021-5. 

[84]  Serdari  A,  Fragioudakis  K,  Kalligeros  S,  Stournas  S,  Lois  E.  Impact  of  using 
biodiesels  of  different  origin  and  additives  on  the  performance  of  a  stationary 
diesel  engine.  Journal  of  Engineering  for  Gas  Turbines  and  Power 
2000;  122(4):  624-31. 

[85]  Husnawan  M,  Saifullah  MG,  Masjuki  HH.  Development  of  friction  force  model 
for  mineral  oil  basestock  containing  palm  olein  and  antiwear  additive. 
Tribology  International  2007;40(1  ):74— 81 . 

[86]  Masjuki  HH,  Maleque  MA.  The  effect  of  palm  oil  diesel  fuel  contaminated 
lubricant  on  sliding  wear  of  cast  irons  against  mild  steel.  Wear  1996;198(1- 
2):293-9. 


[87]  Maleque  MA,  Masjuki  HH,  Haseeb  ASMA.  Effect  of  mechanical  factors  on 
tribological  properties  of  palm  oil  methyl  ester  blended  lubricant.  Wear 
2000;239(1  ):1 1 7-25. 

[88]  Raadnui  S,  Meenak  A.  Effects  of  refined  palm  oil  (RPO)  fuel  on  wear  of  diesel 
engine  components.  Wear  2003;254(12):1281-8. 

[89]  Masjuki  HH,  Maleque  MA,  Kubo  A,  Nonaka  T.  Palm  oil  and  mineral  oil  based 
lubricants— their  tribological  and  emission  performance.  Tribology  Interna¬ 
tional  1999;32:305-14. 

[90]  Masjuki  HH,  Maleque  MA.  Investigation  of  the  anti-wear  characteristics  of 
palm  oil  methyl  ester  using  a  four-ball  tribometer  test.  Wear  1997;206(1- 
2):179-86. 

[91  ]  Kaul  S,  Saxena  RC,  Kumar  A,  Negi  MS,  Bhatnagar  AK,  Goyal  HB,  Gupta  AK. 
Corrosion  behavior  of  biodiesel  from  seed  oils  of  Indian  origin  on  diesel 
engine  parts.  Fuel  Processing  Technology  2007;88(3):303-7. 

[92]  Liang  YC,  May  CY,  Foon  CS,  Ngan  MA,  Hock  CC,  Basiron  Y.  The  effect  of  natural 
and  synthetic  antioxidants  on  the  oxidative  stability  of  palm  diesel.  Fuel 
2006;85(5-6):  867-70. 

[93]  Sarin  R,  Sharma  M,  Sinharay  S,  Malhotra  RK.  Jatropha-palm  biodiesel  blends: 
an  optimum  mix  for  Asia.  Fuel  2007;86(10-11):1365-71. 

[94]  Cheah  ICY,  Choo  YM,  M.  A.N.,  Yusof  B.  Production  technology  of  palm  diesel. 
Production  technology  of  palm  diesel.  Malaysia;  1998,  5  p.  207-26. 

[95]  Indonesian  National  Standardization  Agency  2006.  Biodiesel  Specification. 
SNI  04-7182-2006. 

[96]  NIST.  White  paper  on  internationally  compatible  biofuel  standards,  tripartite 
task  force  brazil.  European  Union  &  United  States  of  America,  <www.nist.gov/ 
public_affairs/biofuels_report.pdf>;  2007  [accessed  2.02.09]. 

[97]  The  World  Bank.  World  Development  Report  2008.  Agriculture  for  Develop¬ 
ment.  Report  Number:  41382,  <worldbank.org/INTWDR2008/Resources/ 
WDR_00_book.pdf>  p.  70-71  [accessed  24.02.09]. 

[98]  Nag  A,  Bhattacharya  S,  De  K.  New  utilization  of  vegetable  oils.  Journal  of  the 
American  Oil  Chemists’  Society  1995;72(12):1591-3. 

[99]  Schlick  KL,  Hanna  MA,  SchinstockJL.  Soybean  and  Sunflower  oil  performance 
in  a  diesel  engine.  Transactions  of  the  ASAE  1988;31(5):1345-9. 

[100]  Engler  C,  Johnson  L,  Lepori  W,  Yarbrough  C.  Effects  of  processing  and 
chemical  characteristics  of  plant  oils  on  performance  of  an  indirect-injection 
diesel  engine.  Journal  of  the  American  Oil  Chemists’  Society 
1 983  ;60(8):  1592-6. 

[101]  Jones  ST,  Peterson  CL,  Thompson  JC.  Used  vegetable  oil  fuel  blend  compar¬ 
isons  using  injector  coking  in  a  DI  diesel  engine.  30  July-01  August,  2001, 
Paper  number:  01-6051,  An  ASAE  Annual  International  Meeting  Presenta¬ 
tion,  Sacramento,  California,  USA.  p.  26. 

[102]  Diesel  Fuel  Injection  Equipment  Manufacturers  (FIE)  Manufacturers, 
<www.reefuel.com/data/info/Biodiesel%20-%20FIE%20paper.pdf>;  2000 
[accessed  20.02.09]. 

[103]  Ryan  T,  Dodge  L,  Callahan  T.  The  effects  of  vegetable  oil  properties  on 
injection  and  combustion  in  two  different  diesel  engines.  Journal  of  the 
American  Oil  Chemists’  Society  1984;61(10):1610-9. 

[104]  Peterson  C,  Auld  D,  Korus  R.  Winter  rape  oil  fuel  for  diesel  engines:  recovery 
and  utilization.  Journal  of  the  American  Oil  Chemists’  Society 
1983;  60(8):  1579-87. 

[105]  Pryor  RW,  Hanna  MA,  SchinstockJL,  Bashford  LL.  Soybean  oil  fuel  in  a  small 
diesel  engine.  Transactions  of  the  ASAE  1982;26(2):333-8. 

[106]  Bruwer  JJ,  Boshoff  BVD,  Hugo  FJC,  Fuls  J,  Hawkins  C,  Walt  ANVD,  Engelbrecht 
A,  Du  Plessis  LM.  Utilization  of  sunflower  seed  oil  as  a  renewable  fuel  for 
diesel  engines.  ASAE  Publication  1981;2:385-90. 

[107]  Van  Der  Walt  A,  Hugo  F.  Diesel  engine  tests  with  sunflower  oil  as  an  alternative 
fuel,  in  Beyond  the  Energy  Crisis-Opportunity  and  Challenge  Volume.  In:  Third 
international  conference  on  energy  use  management;  1981. 

[108]  Mittelbach  M.  Diesel  fuel  derived  from  vegetable  oils,  VI:  specifications  and 
quality  control  of  biodiesel.  Bioresource  Technology  1996; 56(1): 7-11. 

[109]  Perkins  L,  Peterson  C,  Auld  D.  Durability  testing  of  transesterified  winter  rape 
oil  ( Brassica  napus  L.)  as  fuel  in  small  bore,  multi-cylinder,  DI,  Cl  engines.  SAE 
Technical  Paper  No.  911764,  selected  for  reprinting  in  SAE  1991.  Transac- 
tions-Journal  of  Fuels  and  Lubricants;  1991. 

[110]  ReidJ,  Hansen  A,  Goering  C.  Quantifying  diesel  injector  coking  with  computer 
vision.  Transactions  of  the  ASAE  1989;32(5):1503-6. 

[111]  Schlautman  NJ,  SchinstockJL,  Hanna  MA.  Unrefined  expelled  soybean  oil 
performance  in  a  diesel  engine.  Transactions  of  the  American  Society  of 
Agricultural  Engineers  1986;29(l):70-3.  80. 

[112]  Hofman  V,  Kaufman  D,  Helgeson  D,  Dinusson  W.  Sunflower  for  Power. 
Cooperative  Extension  Service,  North  Dakota  State  University;  1981. 

[113]  Prateepchaikul  G,  Apichato  T.  Palm  oil  as  a  fuel  for  agricultural  diesel  engines : 
comparative  testing  against  diesel  oil.  SONGKLANAKARIN  Journal  of  Science 
and  Technology  2003;25(3.). 

[114]  Baranescu  RA,  Lusco  JJ.  Performance,  durability,  and  low  temperature  opera¬ 
tion  of  sunflower  oil  as  a  diesel  fuel  extender,  vegetable  oil  fuels.  In: 
Proceedings  of  the  international  conference  on  plant  and  vegetable  oils  fuels. 
St.  Joseph,  MI:  ASAE;  1982. 

[115]  Sims  REH,  Raine  RR,  Mcleod  RJ.  Rapeseed  oil  as  a  fuel  for  diesel  engines.  In: 
National  conference  on  fuels  from  crops  of  the  society  of  automotive  engi¬ 
neers.  Australia:  SAE;  1981. 

[116]  Zieiwski  M,  Goettler  J.  Design  modications  for  durability  improvements  of 
diesel  engines  operating  on  plant  fuels.  SAE,  No.  921630;  1992. 

[117]  Tahir  AR,  Lapp  HM,  Buchanan  LC.  Sunflower  oil  as  a  fuel  for  compression 
ignition  engines.  Vegetable  oil  fuels.  In:  Proceedings  of  the  international 
conference  on  plant  and  vegetable  oils  fuels;  1982. 


2462 


M.H.  Jayed  et  al./ Renewable  and  Sustainable  Energy  Reviews  13  (2009)  2452-2462 


[118]  Peterson  C,  Thompson  J,  Wagner  G,  Auld  D,  Korus  R.  Extraction  and  utilization 
of  winter  rape  (Brassica  napus )  as  a  diesel  fuel  extender;  1982. 

[119]  Silvico  CA,  Carlos  R,  Marious  VG,  Leonardodos  SR,  Guilherme  F.  Performance 
of  a  diesel  generator  fueled  with  palm  oil.  Journal  of  Fuels  2002;81(6): 
2097-102. 

[120]  Brink  A.Jordaan  CFP,  Le  RouxJH,  Loubser  NH.  Carburetor  corrosion:  the  effect 
of  alcohol-petrol  blends.  In:  Proceedings  of  the  VII  international  symposium 
on  alcohol  fuels  technology:  1986.  p.  59-62. 

[121]  Allsup  JR.  Emissions,  efficiency,  and  durability  of  agricultural  diesel  engines 
using  low-proof  ethanol.  SAE  Technical  Paper  Series.  Milwaukee,  WI,  USA: 
SAE;  1983. 

[122]  Bosch.  VP44  endurance  test  with  E  diesel.  Internal  Report  No.  00/47/3156. 
Robert  Bosch  Corporation,  Farmington  Hills,  MI,  USA;  2001. 


[123]  Lopez  GP,  Laan  T,  BIOFUELS-AT  WHAT  COST?  Government  support  for  biodiesel 
in  Malaysia.  Global  Subsidies  Initiatives,  <http://www.globalsubsidies.org/en/ 
research/biofuel-subsidies>;  2008  [accessed  12.03.09]. 

[124]  Malaysian  Palm  Oil  Council  (MPOC).  <www.mpoc.org.my >;  2009  [accessed 
12.03.09]. 

[125]  Dillon  HS,  Laan  T,  Dillon  HS.  BIOFUELS-AT  WHAT  COST?  Government 
support  for  biodiesel  in  Indonesia.  Global  Subsidies  Initiatives,  <http: / / 
www.globalsubsidies.org/en/research/biofuel-subsidies>;  2008  [accessed 
12.03.09]. 

[126]  Winayanuwattikun  P,  Kaewpiboon  C,  Piriyakananon  K,  Tantong  S,  Thakern- 
karnkit  W,  Chulalaksananukul  W,  Yongvanich  T.  Potential  plant  oil  feedstock 
for  lipase-catalyzed  biodiesel  production  in  Thailand.  Biomass  and  Bioenergy 
2008;32(12):  1279-86. 


